Background: Flexural strength (FS) of denture base resins (DBRs) had been improved by reinforcing it with different glass fibers. However, a limited data are available on the effect of glass fiber reinforcement with conventional heat-cured resin after prolonged water storage. Aims and Objectives: This study aimed to evaluate the reinforcing effect of novel S-glass and nylon fibers on the FS of acrylic DBRs. It also aimed to evaluate the effect of glass fiber reinforcement on the FS of acrylic DBRs after a prolonged storage in water. Materials and Methods: One hundred and sixty identical specimens were fabricated in specially designed molds according to the manufacturer's instructions. The three experimental groups were prepared consisting of conventional (unreinforced) acrylic resin, novel S-glass fiber-reinforced and nylon fiber-reinforced acrylic resin. The specimens were fabricated in a standardized fashion for each experimental group. Each group was further subdivided into two groups on the basis of storage conditions (dry and wet). FS was tested using a three-point universal testing machine at a crosshead speed of 5 mm/min. Glass fiber-reinforced group was further tested after prolonged storage in distilled water. Entered data were statistically analyzed with one-way ANOVA and least significant difference post hoc test. Results: In this study, statistically significant differences were noted in the FS of all the groups. S-glass fiber-reinforced group had highest FS compared to the other two groups (P < 0.001). Nylon fiber-reinforced group had lowest FS. All the groups stored in distilled water revealed a decrease in strength compared to those stored in dry atmosphere. Among wet specimens, those stored for 3 weeks had a significantly higher FS than those stored at one and 2 weeks (P < 0.01). Conclusion: Within the limitations of this investigation, the FS of heat-cured acrylic DBR was improved after reinforcement with glass fibers. It can be recommended to strengthen distal extension partial and complete denture bases. Nylon fibers may not be desirable for strengthening acrylic denture bases. with midline fractures being commonly encountered. [3, 4] Outside the mouth, fracture occurs due to impact of falling. Various modifications have been suggested to overcome these shortcomings, which included plasticization, [5] copolymerization with rubber, [6] use of cross-linking agents such as polyethylene glycol dimethacrylate, and reinforcement with metal strengtheners. [7, 8] Last two decades have seen a dramatic increase in the use of fiber-reinforced composites with different fibers such as glass, aramid, carbon, nylon, whiskers, and ultra-high-modulus polyethylene fibers being incorporated in the acrylic resin.
Introduction
Introduction of polymethyl methacrylate (PMMA) for use as denture base material dates back to the year 1937 when Dr. Walter Wright clinically evaluated PMMA and found that it fulfilled all the requirements of an ideal denture base material (DBM). [1] Ever since its introduction, PMMA continues to be used because of its favorable working characteristics, processing ease, accurate fit, stability in oral environment, good color stability, superior esthetics, and use with inexpensive equipment. However, despite these advantages, it has certain poor mechanical properties. Fractures may occur in use because of its unsatisfactory transverse strength, impact strength, or fatigue resistance. [2] Most dentures fracture inside the mouth, primarily due to resin fatigue, with midline fractures being commonly encountered. [3, 4] Outside the mouth, fracture occurs due to impact of falling. Various modifications have been suggested to overcome these shortcomings, which included plasticization, [5] copolymerization with rubber, [6] use of cross-linking agents such as polyethylene glycol dimethacrylate, and reinforcement with metal strengtheners. [7, 8] Last two decades have seen a dramatic increase in the use of fiber-reinforced composites with different fibers such as glass, aramid, carbon, nylon, whiskers, and ultra-high-modulus polyethylene fibers being incorporated in the acrylic resin.
Several studies [9, 10] have suggested the use of nylon as a DBM fabricated using the injection molding technique. Very few studies in the past have tested the effect of nylon as a reinforcement fiber on the flexural strength (FS) of acrylic resin. [10, 11] Studies have been carried out using the novel glass fiber reinforcement system -Stick and Stick Net (Stick Tech Ltd., Turku, Finland) to find their effect on the FS of acrylic resin. [2] These glass fibers were found suitable and desirable for reinforcement of complete and partial dentures as they improved the FS of acrylic resin. However, the influence of prolonged water storage on the mechanical properties of acrylic resin reinforced with these novel glass fibers is still unknown.
Ramos et al. [12] evaluated the effect of a plasma-treated polyethylene fiber on the fracture strength of PMMA and observed a drastic increase in the fracture strength of the treated group as compared to the untreated group. In addition to the increased fracture strength, the treated group also demonstrated resistance to crack propagation. Stipho [13] investigated the different effects of quantitative percentages (0%, 1%, 2%, 5%, 10%, 15%) of glass fiber intensity on the transverse strength, maximum deformation, and the modulus of elasticity of acrylic resin and noted that 1% glass fiber treatment enhanced the transverse strength of the tested specimen. The interaction of glass fiber concentration on fracture strength and deformation was significant (P < 0.0001). Cucci et al. [14] compared the water sorption, solubility, and the transverse bond strength of 2 autopolymerizing acrylic resins and 1 heat-polymerizing acrylic resin. No difference was noted in the solubility of all materials. Autopolymerizing acrylic resin demonstrated significantly lower transverse bond strength to denture base acrylic resin and failed adhesively. Vallittu [15] conducted a study to describe and test a novel system to use polymer-preimpregnated reinforcing fibers with commonly used multiphase acrylic resins. Continuous unidirectional and woven preimpregnated glass fiber reinforcements (Stick and Stick Net) were used to reinforce heat-polymerizing and autopolymerizing denture base polymers. A temporary fixed partial denture polymer was also reinforced with Stick reinforcement material. As a result Stick Net reinforcement increased the strain at fracture, whereas Stick reinforcement decreased the strain values. Standard error of the mean examination revealed well-impregnated glass fibers with polymer matrix. Quantity of glass fibers varied from 6% to 28 vol%, the lowest being with Stick Net reinforcement and the highest with Stick reinforcement. John et al. [10] conducted an in vitro study to compare the FS of a heat-polymerized acrylic resin after reinforcement with glass, aramid, and nylon fibers. They observed a better FS in the reinforced group than the conventional one. Specimens reinforced with glass fibers showed the highest FS, followed by aramid and nylon. Narva et al. [16] compared static three-point FS of denture base polymer that had been reinforced with different fiber reinforcements such as nonimpregnated polyethylene fibers, light-polymerized monomer impregnated glass fibers, porous polymer preimpregnated glass fibers, and light-polymerized monomer-polymer impregnated glass fibers. The results showed that the brand and the location of the fiber reinforcements significantly influenced the FS. However, the location of the fiber reinforcements did not influence the flexural modulus. Barbosa et al. [17] compared the FS between a conventional heat-polymerized, a microwave-polymerized, and an autopolymerizing acrylic resin. The results showed highest FS in microwave-polymerized groups and lowest in heat-polymerized group. Diaz-Arnold et al. [18] evaluated static and dynamic flexure properties of a variety of acrylic resins utilized in the fabrication of prostheses and found that lucitone possessed higher static and postcycling FS compared to other heat-cured and light-cured acrylic resins. Mutneja et al. [19] conducted an in vitro study to evaluate the FS of heat-cured acrylic resin after incorporating different percentages of silver-zinc zeolite (0%, 0.5%, 1%, 2%). As a result the study showed a statistically significant decrease in FS with the addition of 0.5%, 1% and 2% of silver-zinc zeolite to heat-cured acrylic resin. Fonseca et al. [20] evaluated the effect of fiber addition in flexural properties of 30 weight % silica-filled Bis-GMA resin or unfilled Bis-GMA. The results showed that the FS of fiber addition in Bis-GMA resin increases flexural properties, and the interaction between resin and fibers seems better in the absence of inorganic fillers increasing flexural properties. Ajaj-Alkordy Alsaadi [21] conducted a study to compare the elastic modulus and the FS between two heat-cured acrylic resins and found that the high-impact acrylic resin demonstrated lower elastic modulus and higher FS compared to the traditional acrylic resin.
The present in vitro study aimed to evaluate and compare the effect of novel glass fiber and nylon fiber reinforcement system on the FS of heat-polymerizing acrylic resin under dry and wet conditions. It also aimed to evaluate the effect of this novel glass fiber reinforcement system on the FS of heat-polymerizing resin after a prolonged water storage interval.
Materials and Methods
A total of 160 specimens were fabricated for the study. These were further divided into three groups (Group A, B, and C), out of which Group A and C were comprised 40 specimens each. Group A (control) comprised unreinforced (conventional) acrylic resin specimens and Group C comprised acrylic resin specimens reinforced with nylon fibers. Specimens in each group were further subdivided into two groups (20 specimens each), based on dry (D at room temperature) and wet storage conditions (W in distilled water at 37°C ± 1°C for 7 days), and Group B comprised acrylic resin specimens reinforced with S-glass fibers which consisted of 20 specimens for dry and 20 for wet condition each (for 7 days, 14 days, and 21 days). The groups were then designated as Group A-D and A-W7, Group B-D and B-W7 + B-W14 + B-W21, and Group C-D and C-W7.
Two rectangular stainless steel dies of standard dimensions (65 mm × 10 mm × 3 mm) were fabricated according to the revised ADA specification number 12 for denture base polymers. [22] These dies were invested in a metal flask with dental stone to prepare a mold using the conventional flasking technique. Heat-polymerizing acrylic resin (Trevalon, Dentsply International) was mixed according to the manufacturer's instructions and packed during the dough stage into the plaster mold space and pressed with a force of 300 N in a hydraulic press (Press, Dentalfarm Torino-Italy). To minimize air inclusions, a roller was used over the material while in the doughy stage after placement in the mold. The upper and lower halves of the flask were closed and the recommended polymerization cycles were followed. The flask was kept in the water bath at 23°C ± 2°C water, and then, the temperature was increased to 100°C ± 0.5°C for 45 min. The mold was cooled in air to 23°C ± 1°C, after which the test specimens were removed from the mold. [15] Two test specimens were polymerized in the mold simultaneously. A total of 40 specimens were selected for this control group.
To prepare S-fiber-reinforced acrylic resin specimens, S reinforcements (Stick (S) Stick Tech Ltd., Turku, Finland] were cut into the length of 60 mm and width of 8 mm. These fibers were wetted with a mixture of polymer powder and monomer liquid after mixing the heat-polymerizing acrylic resin. The wetted reinforcements were packed into polyethylene bags for 10 min to form dough-like reinforcements. After attaining a dough-like consistency, the reinforcements were placed into the mold and pressed with a force of 300 N, as followed for the control specimens. [15] The polymerization cycle followed was the same as that for the control specimens. A total of 80 specimens were selected for this S-fiber-reinforced group.
The nylon fibers (Gujlon-Kim, Gujarat, India) were cut into 10 mm long pieces, and these cut fibers were soaked in monomer for 10 min for better bonding with the heat-polymerizing acrylic resin. [23] After this, these fibers were removed from the monomer and the excess liquid was allowed to dry. The acrylic resin and nylon fibers (2% by weight [23] ) were mixed thoroughly to disperse the fibers. The nylon fibers were randomly oriented in the specimen. On reaching dough stage, the mixture was kneaded and packed into the prepared mold. The specimens were polymerized and recovered in the same manner as that of control and S-fiber-reinforced specimens. After deflasking, if the specimens revealed exposed fibers at the peripheral border, trimming was carried out with diamond burs to avoid delamination of the reinforcement. A total of 40 specimens were selected for this nylon fiber-reinforced group.
After deflasking, all specimens were retrieved and were finished with a tungsten carbide bur at 45,000 rpm and polished using conventional laboratory polishing method: coarse pumice, water and lathe bristle brush for 90 s at a rate of 2800 rpm (Unident India Pvt. Ltd.,), and soft leather polishing wheel for 90 s at a rate of 6500 rpm (Unident India Pvt. Ltd.,). The finished and polished S-fiber-reinforced specimens (20 specimens each) were stored for wet conditions in distilled water in water bath (VWR, International Radnor, Pennsylvania) at 37°C ± 1°C for 7, 14, and 21 days of interval. Furthermore, 20 specimens each of control and nylon fiber-reinforced specimens were stored in a similar manner. Width and thickness of each specimen was measured with a digital vernier caliper (Caloratory Product, Ambala Cantt., Haryana, India) and the excess was trimmed. A three-point bending test was conducted for FS using an Instron universal testing machine (Lloyd LR 100K) at a crosshead speed of 5 mm/min. The specimens were placed on jigs that were 50.0 mm apart and then a load was applied by a centrally located road until fracture of specimen occurred. The maximum load at this fracture of specimen was recorded and converted into FS using the following formula:
where, F is the maximum load applied, L is span between two supports, b is width of the specimen, and d is the thickness of the specimen).
[2]
Results
The mean FS of the control, s-glass fiber, and nylon fiber-reinforced groups under dry and wet conditions is summarized in Table 1 . The mean FS of unreinforced group under dry conditions was 8.77 ± 1.33 kgf/mm 2 , which increased to 12.22 ± 1.16 kgf/mm 2 on reinforcement within S-glass fibers. The group reinforced with nylon fibers showed a decrease in FS to 8.49 ± 1.30 kgf/mm 2 . The comparison of mean FS values among three groups of dry specimens using one-way ANOVA showed a significant difference (P < 0.001) [ Table 2 ]. Least significant difference (LSD) post hoc test showed a significant higher FS values in Group B than other groups when tested under dry conditions. No significant difference was observed between Group A and C. The specimens of all the three groups, when stored in water for 7 days, showed a decrease in their mean FS. The wet specimens of control, glass fiber-reinforced, and nylon fiber-reinforced group had a mean FS value of 8.43 ± 1.01 kgf/mm 2 , 11.12 ± 0.56 kgf/mm 2 , and 8.20 ± 0.54 kgf/mm 2 , respectively [Graph 1]. S-glass fiber reinforcements showed an increased FS of denture base resin (DBR) in dry and wet atmosphere. However, nylon fiber reinforcements revealed their weakness in strengthening DBR under both the conditions. One-way ANOVA showed significant difference between the groups of wet specimens (P < 0.001). LSD post hoc test revealed a significantly higher FS values in wet specimens of Group B compared to Group A and C. No significant difference was noted between Group A and C. The mean FS values of Group B under wet conditions at 7, 14, and 21 days' interval were 11.12 ± 0.56 kgf/mm 2 , 11.53 ± 0.64 kgf/mm 2 ,
Discussion
Despite its popularity, PMMA material is far from ideal in fulfilling the mechanical requirements. [24, 25] The fracture of acrylic resins denture, especially midline fracture, is a common clinical finding in prosthodontic practice, [8, [26] [27] [28] which mainly results due to flexural fatigue. Fracture of acrylic resin denture occurs both outside and inside the mouth. Outside the mouth, failure occurs through impact if the denture is dropped by the patient. Inside the mouth, occlusal forces may also cause fracture. [24] Among the different causes of denture fracture, poor fit, lack of balanced occlusion, material fatigue, and dropping of the denture were identified as the most possible causes. [29] To overcome this problem and to improve the mechanical properties of dental polymers, various types of fibers, carbon, aramid, glass, and metal wire reinforcement have been tested. The traditional method to increase denture strength involves the use of high strength resins or applying strengtheners to the DBRs. There is evidence that the transverse strength of resins can be slightly enhanced by the use of metal strengtheners. However, the influence of metal strengtheners on the fatigue resistance of dental appliances is minor. Earlier attempts to use metal wires and metal plate strengtheners are typified by the work of Ruffino, [7] Vallittu and Lassila, [8] and Jennings and Wuebbenhorst. [30] To solve the problem related with these metal strengtheners, various types of fiber reinforcements have been investigated for use with dental polymers. [31] The development of fiber composite materials in the industry has inspired a new approach to improve the performance of dental polymers. DBR made from PMMA resin has been reinforced with various types of fibers such as carbon/graphite, aramid, ultra-high-modulus polyethylene fibers, and glass fibers. [8.23,27,32-47] Carbon and aramid fibers were useful in strengthening PMMA but produced important clinical problems, namely, difficult polishing and poor esthetics. [32, 33] Inclusion of metal wires and plate reinforcement improves denture performance against fracture due to extensive biting forces or impact forces problems [28, 32, 48] but results in poor esthetics that restrict their use only in locations where esthetics are least important. Woven polyethylene fibers normally develop anisotropic properties to the composite. They are more esthetic but the process of etching, preparing, and positioning layers of the woven fibers may not be practical in the dental office. On the other hand, glass fibers have shown better potential for provisional restorations, despite difficulties to achieve adequate impregnation of the fibers with PMMA. [27, 28] Various factors affecting the strength of fiber composites are an adequate impregnation of reinforcing fibers with resin matrix, quantity and orientation of fibers, and adhesion of fibers. Problem constantly faced with the fiber reinforcement of acrylic resin is to achieve adequate impregnation of reinforcing fibers with resin, which is a prerequisite for proper bonding of fibers to the polymer matrix and thus for the strength of composite. This problem is solved to a great extent by Vallittu [48] with the use of the polymer preimpregnation of the novel fiber reinforcements S and SN tested in his study seemed to have resolved the problem of impregnating reinforcing fibers with resin of the polymer matrix. The porous preimpregnated polymer was wetted and dissolved with monomers of the mixture of acrylic resin powder and liquid. The use of the mixture of polymer powder and monomer liquid instead of plain monomer liquid was important to avoid excess of monomers inside the fiber reinforcement. When acrylic resin polymer powder and monomer liquid were mixed, monomers dissolved and swelled the surface of the powder beads. Subsequently, after mixing the powder and liquid, small quantities of "free" monomers were left to penetrate into the porous polymer of S and SN reinforcements and dissolve the preimpregnated polymer. This plasticized the reinforcement and made it possible to form the reinforcement and place it into the desired region of the restoration. After polymerization of the resin, the reinforcement formed a dense fiber composite structure.
In the present study, the FS of unreinforced and reinforced acrylic resin specimens was tested in accordance with ISO/DIS 1567. [49] Quantity of glass fibers used in this study is in consensus with the studies conducted by Aydin et al., [50] who experimented the same novel system of S-glass fibers. The glass fibers were oriented perpendicular to the direction of applied force providing greatest potential for improvement of flexural fatigue and bending properties of the DBRs. [51] The quantity of nylon fibers added in each specimen was 2% by weight of the polymer: monomer ratio. [23] When S-glass fibers were used, a clear and considerable improvement in FS (12.22 ± 1.16 kgf/mm 2 ) was found over the strength of unreinforced acrylic resin specimens (8.77 ± 1.33 kgf/mm 2 ). The difference noted between these groups was statistically significant (P < 0.001). This finding is in agreement with the results of the previously documented studies. [2, 15, 43, 44, 50] The results of the present study suggest that S-glass fibers were well impregnated with the resin of polymer matrix. When S-glass fiber was used in heat-polymerized acrylic resin specimens, a clear improvement in FS approximately 50% was noticed over the strength of the unreinforced specimens. These results revealed that the reinforcement of DBRs with glass fibers may be a useful approach of strengthening denture bases beyond their normal limits. S-glass fibers offered the highest strength to the fiber composite and are found suitable in applications where the direction of highest stress is required. These fibers efficiently reinforced the polymer matrix in only one direction, that is, in the direction of fibers in contrast to the bidirectional woven glass fibers which reinforce the polymer matrix in two directions and are therefore useful when it is difficult to predict the direction of highest stress. Hence, the reinforcing effects of unidirectional S-glass fibers are anisotropic offering improved mechanical properties to the composite.
Nylon is a type of thermoplastic polymer, more precisely polyamides having wide commercial application. This polymer possesses an outstanding features of toughness, low density, abrasion resistance, high melting point, high strength adjoined with ductility, and resistance to chemical attack. [9] However, in spite of their excellent physical properties, they were found to be unsatisfactory for denture base use due, principally, to a combination of high molding shrinkage which led to warpage, high water absorption, and yellowing. [3] Commercial unavailability of preimpregnated nylon fibers led to utilize an alternative approach to ensure proper bonding of these fibers with denture polymer matrix. These fibers were wetted with MMA liquid for 10 min. Based on the concept of solubility parameters for polymers, [52, 53] any two polymers are miscible or compatible with each other if the difference in their solubility is ≤3.5 × 10
. When solubility parameters of PMMA and nylon was calculated, it was observed that the difference in solubility of both the materials was <3.5 × 10
. This difference emitted the need of coupling agent for the nylon fibers. Nylon fibers were randomly oriented in acrylic resin as their placement parallel to the long axis of the specimen caused their spreading out in lateral direction. Furthermore, these fibers were lost when the flasks were closed and bench pressed. When compared with the unreinforced acrylic resin specimens (8.77 ± 1.33 kgf/mm 2 ), nylon reinforced specimens (8.49 ± 1.30 kgf/ mm 2 ) showed a decrease in FS which was statistically insignificant (P > 0.05). This result is in agreement with Ladha and Shah, [2] who observed a decreased FS with nylon-reinforced specimens (8.473 ± 0.508 kgf/mm 2 ) over the control group specimens (8.815 ± 0.660 kgf/mm 2 ). Nylon fibers were found to be unsuitable and undesirable as the reinforcement filler for the use with DBRs.
To simulate the oral environment, all the specimens were stored into the water bath at 37°C ± 1°C for 7 days.
S-fiber-reinforced specimens were further stored for 14 and 21 days' interval. In the present study, the storage of specimens in water decreased the FS in all the groups, i.e. reinforced and unreinforced specimens. For unreinforced and S-fiber and nylon-reinforced specimens, a decrease in FS observed was 8.43 ± 1.01, 11.12 ± 0.56, and 8.20 ± 0.54 kgf/mm 2 , respectively. A statistically significant difference (P < 0.001) was noted between unreinforced and reinforced groups. For this decreased FS, detrimental effects of water storage on the mechanical properties of acrylic resin have been suggested. This result is in agreement with the previously reported studies. [2, 53] Improper impregnation and improper wetting are associated with an increased water sorption and inhibition of the radical polymerization of acrylic resin due to oxygen entrapment in the voids of poorly impregnated fiber composite. [53, 54] This might be associated with the reduced strength of the fiber composite. Results of recent study by Vallittu [44] suggest that polymerization shrinkage of DBR between the reinforced fibers can also reduce the strength of fiber-reinforced composite. Discoloration of the reinforcement may also occur due to penetration of oral microbes in these voids. [55] High water absorption tendency of nylon fibers could be the contributing factor in decreasing the FS of specimens stored in water. [3] The approach of testing FS of S-fiber-reinforced specimens after water storage interval of 7, 14, and 21 days in this investigation is a clinically relevant means to study the FS of the DBR since it simulates closely the loading arrangement in the clinical situation. S-fiber-reinforced specimens showed a significant increase in FS at 21 days' storage interval (11.83 ± 0.80 kgf/mm 2 ), compared to 7 days' interval (11.12 ± 0.56 kgf/mm 2 ). The difference between these two groups was statistically significant (P < 0.01). The specimens stored at 7 days and 14 days showed a nonsignificant difference between the mean values of FS. Similarly, the specimens stored at 14 and 21 days demonstrated a nonsignificant difference. Vallittu [56] reported 14% decrease in the transverse strength of the E-glass fiber-reinforced test specimens after 48 weeks of storage in water. Most of this reduction was found to occur during the first 4 weeks of storage in water. Lastumäki et al. [56] reported a 60% decrease in FS of the glass fiber-reinforced composites after 3 months of water storage. The reasons of decreased flexural property could be that the water has caused leaching of ions or oxides from the glass fiber surface. It has been also reported that the elements such as boron (B 2 O 3 ), which are added to E-glass fibers to decrease high calcium oxide (CaO) content, may increase the hydrolytic degradation and negatively influence the polymer-fiber system. [55] In the present study, the increase in FS of S fiber-reinforced specimens was observed after 3 weeks. The future study evaluating the FS of S fiber composite after a water storage interval of more than 3 weeks till 48 weeks can be investigated.
Material fatigue is the predominant failure mechanism of dental prosthesis. [27, 29, [57] [58] [59] [60] The fatigue failure is caused by repeated occlusal loads that cause tensile stresses in some regions of the restoration; after a period of wearing time, the prosthesis fractures. Fatigue fractures can occur even though the static strength of the material is high enough to carry the occlusal stresses. [61] There is evidence from dynamic in vitro tests that glass fiber reinforcement in increased fatigue resistance of dental prosthesis up to 100 times compared with fatigue resistance of an unreinforced restoration. [27] This finding is not surprising because fiber composites are reputed to have high fatigue strength, and therefore, fiber composites have been used for years in structures such as aircraft, which requires high fatigue strength. [62] By combining the reinforcing effect of S-glass fibers, the mechanical properties of dental prosthesis can be tailored to specific needs. Reinforcement of prosthesis can be planned to carry the stresses by the masticatory system using accurately placed reinforcement of S-type fibers.
Limitations
The present study was conducted in an in vitro environment, and other factors such as the presence of saliva, pH of saliva, and cytotoxicity from oral microbes which would have an effect on the fiber composite were not considered. One more limitation of this study was that no aging or thermal cycling of resin materials was evaluated. Thermocycling process could more accurately interpret true oral conditions and affect the mechanical properties of resin materials.
Since only one brand of glass fibers and heat-polymerizing acrylic resin was used, the restricted generalization of results could have been avoided by testing the glass fibers and acrylic resin of other brands.
Future scope
Since it has been reported that the glass reinforcement significantly affects the water sorption and solubility of DBR, the future studies need to be conducted to investigate the mechanical properties such as FS after a long-term water storage interval. To simulate an oral environment, future in vitro studies can be conducted using the artificial saliva for the storage of specimens instead of distilled water. In previous studies, [63] it was found that the glass fiber-reinforced heat-polymerizing acrylic resin caused moderate cytotoxicity by decreasing the proliferation of gingival fibroblasts by approximately 20%. Hence, the cytotoxicity of recently introduced reinforcing fibers in prosthetic field is to be considered in future investigations. To investigate the effects of periodontal ligament, proprioceptors, complicated occlusal contact patterns and occlusal loading, intraoral thermal changes, and pH variations, future studies based on randomized well-controlled clinical trials can be carried.
Conclusions
Within the limitations of this study, the following conclusions were drawn: 1. S-glass fiber-reinforced specimens showed an increase in the FS compared to unreinforced and nylon fiber-reinforced samples, when tested under dry condition 2. Nylon fiber-reinforced specimens showed a decrease in the FS compared to unreinforced specimens when tested under dry condition 3. Reinforced and unreinforced specimens showed a decrease in the FS when tested after 7 days of water storage interval 4. S-glass fiber-reinforced specimens showed an increase in the FS after 21 days of water storage interval when compared with 7 and 14 days of interval 5. Use of nylon fiber as a reinforcement filler for DBRs is not desirable.
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